The amount of wastewater characteristics loading is one of the main parameters in the design of wastewater collection and treatment systems. The generation per capita per day (GPCD) of wastewater characteristics was estimated by analyzing the monthly data of nine wastewater treatment plants in Tehran, capital city of Iran. GPCD values were calculated from measured collected wastewater flow, the population and concentration data. /d of sludge, will be produced and waste as excrement raw sludge, respectively, in Tehran. Simple regression models were presented the relationships such as the change of collected and treated wastewater with population and changes of GPCD parameters with each other. It was revealed that the Tehran's wastewater may be classified as highly degradable, but during recent decades its Biodegradability Index (BI) has been reduced up to 15%. The new suggested revised per capita parameters can be used for design purposes in Tehran, and possibly, in areas with similar characteristics, substituting the classical values obtained from foreign textbooks. These values could help in designing more accurate treatment systems and may lower the required capacity for the treatment of wastewater up to 40% in Tehran.
Introduction
The amount of wastewater characteristics loading is one of the main parameters in the design of wastewater collection and treatment systems. The per capita loading of wastewater characteristics such as chemical oxygen demand (COD), Biological oxygen demand (BOD 5 ), nitrogen, phosphorus and solids have been considered as useful main functions in the design of wastewater collection systems and in the control of water resources pollution [1] .
The pollutants per capita values can be used to estimate the present and the future pollution loading of wastewater produced from a population. These also are useful to estimate the equivalent population of an urban or industrial wastewater flow [2] . By expressing the wastewater pollution in terms of per capita values, the concept of pollution would be more understandable for the citizens and policy makers. However, the changes in mode and living standards [3] and the development of wastewater collection and treatment technologies, would suggest that a review and a re-examination of the pollution per capita loadings be made [1] . On the other hand, the discharge of these pollutants can cause considerable problems in environment [4] . Increased pollution of water-receiving bodies, and the imposition of restrictive limits by local administrations, led a need for new treatment technologies [5] [6] [7] [8] [9] . Thus it is very important that the properties of the discharged wastewater be assessed in order to be able to improve current technologies and provide adequate wastewater treatment [10] .
Tehran, the capital city of Iran, has a population of over 7.5 million. There are nine public and 18 private wastewater treatment plant (WWTP) in Tehran those can treat more than 100 MCM of wastewater per year [11] . By construction of a new treatment plant system in the south of Tehran which can treat about 750 million cubic meters per year after project completion, the other treatment systems will be switched off gradually. Based on the current existing information of in-use domestic wastewater treatment plants in Tehran it may be possible to make an estimate of wastewater per capita parameters that can be used for design purposes and development programs of wastewater treatment systems in Tehran.
One of aims of the study reported in this paper is to re-establish the main wastewater pollution measures (including BOD 5 , COD, TSS, TKN, P, TDS, ON(Organic Nitrogen) and TS) generation per capita per day (GPCD) according to the recorded data of nine public wastewater treatment systems in Tehran. The per capita loading of wastewater is an important parameter in the design process of a treatment plant's units. Iran's water and sewage utility (ABFA company) states that per capita water consumption in Tehran is currently about 378 liters per day [11] . Our study also sought to determine the amount of wastewater produced per capita per day or the conversion factor of water to wastewater. Pollutant discharge per capita (PDC; g/d.cap) with the wastewater treatment system in Tehran is another parameter that is important in the case of wastewater discharge in to receiving bodies. This parameter and the per capita of the producing sludge for domestic wastewater in Tehran would also be estimated in this study from wastewater treatment plants data. The later parameter may be useful in sludge treatment and management programs. The findings of this study can be used as basic data for the design of wastewater treatment systems in Tehran and possibly in areas with similar characteristics.
Materials and methods
The data were used in this study obtained from monthly reports (from 2007 to 2013) of nine wastewater treatment plants in Tehran including Sahebgharaniyeh, Mahallti, Zargandeh, Qeitariyeh, Qods, Shush, Ekbatan, Dowlatabadi and Jonoob. The data includes the quantitative information of wastewater production and characteristics data over 80 months from April 2007 to November 2013 for all domestic WWTPs in Tehran. The analysis of wastewater samples were done by the laboratory stuffs of WWTPs according to Standard Methods for the Examination of Water and Wastewater [12] . The parameters monitored were temperature, pH, Biological Oxygen Demand (BOD 5 ), Total Dissolved Solid (TDS), Total Solids (TS), Total Suspended Solid (TSS), Chemical Oxygen Demand (COD), Organic Nitrogen (ON), Total Phosphorous (TP) and Total Kjeldahl Nitrogen (TKN). Data analysis involved the data pre-processing and conducting some descriptive and analytical studies using Microsoft Excel 2007 and R software packages.
The study included data pre-processing and preparing them to make the estimates of desired parameters. Initial data processing, although is a time consuming step, but is very important part in the success of statistical analysis [13] . At this step, the raw data of nine in-use WWTPs collected during the recent years was assessed. The raw data was included 720 instances, although there were some outlier values. The data that appear to be very distant from the normal data distribution may be classified as being outliers. In certain instances however, this outlying value may be correct and is a natural product of the variables distribution [14] . All examples with missing values were represented with NA (not available). In this study, we took a normal distribution with a cutoff of three times of standard deviations around the mean to detect the outliers. Thus, the data that was more than μ ± 3SD was considered as outliers.
The descriptive statistics of raw (720 instances) and pre-processed (499 instances) data are summarized in Tables 1 and 2 , respectively.
The estimation of pollutant generation per capita per day (GCPD) values was conducted according to the following equations:
The pollutant discharge per capita (PDC; g/d.cap) with the wastewater treatment system was defined and determined in terms of pollutant generation per capita (GCPD; g/d.cap) and pollutant removal efficiency (PRE; %) of the wastewater treatment systems as follow [15] :
Results and discussion
The total yearly averaged population covered by Tehran's nine municipal wastewater treatment plants from 2007 to 2013 was determined to be 4,502,065 persons per year. In average, out of 22,778,632 m wastewater flows and population in Tehran were shown in Figure 1 .
According to the latest report of the basic operational items of Tehran's wastewater company [16] , a capacity of 675,000 m 3 /d had been allocated for the treatment of wastewater produced by 3,150,000 persons up to June 2014. This means that the per capita loading of wastewater considered by designers for the design of a wastewater treatment plant in Tehran, is about 215 L/d. By a roughly estimation according to Figure 1(b) , it is expected that for a population of 3,150,000 persons, the capacity of 455,822 m 3 /d is a sufficient capacity that needs to be allocated. This capacity is about 40% lower than current allocated value. Therefore, the overestimated per capita loading value of 215 L/d in Tehran, leads the system to be designed for a capacity more than that is required.
The pattern changes of Tehran wastewater quality contents from 1984 to 2013 is another issue were assessed in 5 , COD, TSS, TKN, P, TDS, ON and TS, respectively. In a study conducted by Azimi and Ameri [20] on the estimation of per capita loadings for domestic wastewater of Saheb-Gharanieh treatment plant in Tehran (based on the data collected Table 3 .
For evaluating the biodegradability of Tehran's domestic wastewater the BOD 5 /COD ratio, is called Biodegradability Index (BI), was determined. The BI Index varies from 0.4 to 0.8 for domestic wastewaters. If BOD 5 /COD is > 0.6 then the waste is fairly biodegradable and can be effectively treated biologically. If BOD 5 /COD ratio is between 0.3 and 0.6, then seeding is required to treat it biologically. If BOD 5 /COD is < 0.3 then it cannot be treated biologically [21, 22] . From data in the literature (Table 3 ) and the results of this study, the BI index was obtained to be 0.70, 0.71, 0.57 and 0.61 for the years of 1993, 1995, 1997 and 2013, respectively. Although these values reveal that the wastewater may be classified as highly biodegradable, BI values for later two years are almost 15% lower than those for previous years. This may be resulted from this fact that over the past 15-20 years a wide range of diverse industrial synthetic detergents which are mostly made from petroleum products and alcohols, has been produced and extensively used for cleaning and disinfection purposes and then discharged into sewage systems [23] . Many detergent compounds was found to be resistant to biodegradation by bacteria [24] . This may be the main reason of deceasing in the biodegradation potential of Tehran's wastewater according to the BI index. Table 5 summarizes the mathematical simple relationships among the estimated GCPD parameters. The strongest relationship was found between GCPD COD and GCPD BOD (R 2 = 0.74). The next relationship with high correlation (R 2 = 0.66) was found between GCPD BOD and GCPD TSS . These relationships may be useful for designers to help them to estimate the GPCD values from each other.
The per capita collected wastewater (Coll PerP ) was determined to be 186.06 ± 7.85 while the Coll PerP of 199.67 L/d.cap was estimated from the study's results of Sharifi Sistani [25] . This finding shows that this As shown in Table 6 the GCPD values of BOD 5 In Table 7 , the GCPD values for main wastewater parameters in different countries were compared with the estimated GCPD values for Tehran's wastewater. The estimated values for Tehran are close to the per capita values obtained for countries such as Turkey, India, and Egypt. In these countries, the GCPD values are lower than that for European countries and United States. Low consumption of toilet papers in this countries and especially in Tehran may be one of the reasons for the low values of GCPD for BOD 5 and TSS [20] .
It is estimated that over 90% of the treated wastewater effluent from treatment plants across Iran country is reused in some way; however, much of it is mixed with freshwater before further use, particularly in the suburban areas [29] . The direct use of untreated wastewater from sewage outlet, directly used for crop production is not a common scene in Iran. However, treated or partially treated wastewater used directly for irrigation without being mixed or diluted is more common. This is practiced in many treatment plants and there is no exact estimate about the amount used by this method to irrigate fodders, cereals, fruit trees, and vegetables eaten cooked or uncooked [29] . Thus the pollutants discharge per capita (PDC; g/d.cap) with the wastewater treatment systems is important parameter should be considered to be estimated.
The PDC with the wastewater treatment systems in Tehran was defined and determined in terms of GCPD and pollutant removal efficiency (PRE; %). The pollutants removal efficiency of wastewater treatment systems in Tehran ranged 92.11-93.41% for BOD 5 , 89.65-90.97% for COD, 91.48-93.18% for TSS, 28.65-31.72% for TS, 1.73-2.76% for organic nitrogen (ON), 58.52-61.24% for P and 84.62-88.26% for TKN.
The ranges of estimated PDC summarized in Table 4 , were compared with conventional domestic wastewater treatment systems in the United States [30] (Table 8 ). The generation per capita of BOD 5 , COD, ON and TP of the United States wastewater treatment systems were almost thrice, four times, nine times and twice as those in Tehran, respectively. Conventional and nutrient removal activated sludge treatment systems are regarded as representative wastewater treatment processes in urban area of developed Table 6 Basic characteristics of raw sewage intended for the design of wastewater treatment plants in Iran [26] 5 should be prioritized for investments on wastewater treatment measurements including assistances in order to improve ambient water quality [31] . The estimated PDC of some regions studied by Tsuzuki [15] were compared with that of Tehran and summarized in Table 9 . When the criteria are applied, the group of countries in the Region of South China Sea and Tehran were found to be with higher and lower priority of BOD 5 discharge reduction from domestic wastewater, respectively ( Table 9 ). The PDC of ROP-ME a sea area region, Red sea region and Gulf of Aden region is 2.5 g/d.cap and comparable with that obtained for Tehran (2.15 g/d.cap).
The comparatively low BOD 5 -PDC in sewage treatment plants of Tehran may results from the fact that the per capita loading of BOD 5 in Tehran is lower than that for other countries and on the other hand the removal efficiency of BOD 5 in most of treatment plants are more than 90%.
Tajrishi [29] estimated that less than 40% of the total domestic sludge in Iran's wastewater treatment plants is being treated completely. In other words; of more than 200,000 cubic meters of daily produced sludge (2000 tons/d dry solids) of total fecal, septic and waste excrements sludge, only about 80,000 cubic meters (800 tons) is being digested and/or stabilized daily by different treatment methods. According to the finding of our study, the per capita values of 0.16 ± 0.02 and 0.11 ± 0.02 L sludge/d were determined for the produced and waste excrements sludge in Tehran's WWTPs, respectively. According to these values and the population covered by Tehran's WWTPs (3,150,000 persons/d), it is estimated that 504 m 3 /d and 346 m 3 /d of sludge will be produced and waste as excrement raw sludge, respectively, in Tehran. This high volume of sludge needs to be managed and discarded properly. The most common method of treatment for these sludge is digestion (aerobically and an aerobically). The lagooning, composting, and landfilling are the next methods of treatment. Mechanical dewatering may also be implemented as final treatment to reduce the volume of the stabilized sludge.
Conclusions
In this study, the basic characteristic data regarding to the nine main domestic wastewater treatment plants in Tehran was assessed and analyzed. The BOD 5 /d of sludge will be produced and waste as excrement raw sludge, respectively, in Tehran.
In conclusion, the use of new revised per capita parameters obtained in this study could help in designing more efficient treatment systems and generating more reliable data for operational control of wastewater treatment process in Tehran. However, further research on wastewater quality and quantity assessment and adequate monitoring measures are required for existing and future treatment facilities in Tehran to ensure that they comply with safe operational and environmental standards. 
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